Coset methods are used to construct the action describing the dynamics associated with the spontaneous breaking of the local symmetries of AdS d+1 space due to the embedding of an AdS d brane. The resulting action is an SO(2, d) invariant AdS form of the Einstein-Hilbert action, which in addition to the AdS d gravitational vielbein, also includes a massive vector field localized on the brane. Its long wavelength dynamics is the same as a massive Abelian vector field coupled to gravity in AdS d space.
Introduction
The dynamical degree of freedom of a probe AdS d brane embedded in an AdS d+1 target space is the Nambu-Goldstone world volume field φ(x), with x µ the AdS d world volume coordinates. φ(x) describes the co-volume oscillatons of the brane in AdS d+1 space. Its long wavelength dynamics is given by the reparametrization invariant volume of the brane times the constant brane tension σ and is encoded in an AdS form [1] of the Nambu-Goto action as
The induced vielbein e 2) where the derivative D m is defined as D m =ē −1µ m ∂ µ . Expanding the action through terms bilinear in φ gives
3)
It is seen that the Nambu-Goldstone boson carries the (E, s) = (d, 0) representation [2] of SO (2, d − 1) . That is, it has mass squared equal to m 2 d and hence energy d in units of m 2 while being spin zero [3] - [4] . It should be noted that the m 2 = 0 case reproduces the massless bosonic brane Nambu-Goto action.
The brane action is invariant under a nonlinear realization of the AdS d+1 target space global isometry group of transformations SO (2, d) . In order to have invariance under general coordinate transformations, additional gravitational fields must be introduced. The purpose of this paper is to construct the action of the world volume localized gravitational fields when the brane is embedded in curved space [6] - [7] . In short, the dynamics of the oscillating brane in curved space is described by a world volume localized massless graviton represented by a dynamical veilbein e m µ (x) and a world volume localized vector field represented by a dynamical field A µ (x). As a consequence of the Higgs mechanism [8] - [9] , the vector field is massive. The action for these fields is derived in a model independent manner using coset methods in which the AdS d+1 local symmetry group SO(2, d) is nonlinearly realized. In section 2, the nonlinear local transformations of the Nambu-Goldstone fields are introduced via the coset method [5] . The locally covariant Maurer-Cartan one-form building blocks for the invariant action are obtained along with the introduction of the dynamical veilbein and vector fields. Derivatives of these Maurer-Cartan world volume vectors that are covariant with respect to local Lorentz and Einstein transformations are defined using the spin and related affine connections. In section 3, these covariant derivatives are used to construct the low energy locally SO(2, d) invariant action. Exploiting the spontaneously broken local (pseudo-) translation and Lorentz transformations, the action is transformed to and analyzed in the unitary gauge. The physical degrees of freedom so obtained are the dynamical world volume veilbein and massive vector field.
The Coset Construction
The embedding of AdS d space spontaneously breaks the symmetry group of the AdS d+1 space from SO (2, d) to SO (2, d − 1) . The low energy action governing the dynamics of the Nambu-Goldstone modes associated with the symmetry breakdown can be constructed using coset methods. This technique begins by introducing the coset element Ω ∈ SO(2, d)/SO (1, d − 1) where SO(1, d − 1) corresponds to the Lorentz structure (stability) group of transformations in AdS d . The
µ , act as parameters for pseudotranslations in the world volume and are part of the coset so that Lorentz transformations. Thus the SO(2, d) algebra can be written in terms of the
The coset so defined corresponds to a particular choice of coordinates, specifically denoted as x µ , for the AdS d world volume. The fields are also defined as functions of x µ .
The Nambu-Goldstone field φ(x) along with v µ (x) act as the remaining coordinates needed to parametrize the coset manifold SO(2, d)/SO (2, d − 1) .
Left multiplication of the coset elements Ω by an SO(2, d) group element g which is specified by local infinitesimal parameters ǫ 3) results in transformations of the space-time coordinates and the Nambu-Goldstone fields according to the general form [5] g
The transformed coset element, Ω ′ , is a function of the transformed world volume coordinates and the total variations of the fields so that 5) while h is a field dependent element of the stability group SO(1, d − 1):
Exploiting the algebra of the SO(2, d) charges displayed in equation (2.2), along with extensive use of the Baker-Campbell-Hausdorf formulae, the local SO(2, d) transformations are obtained as
Here the transverse and longitudinal projectors for x µ are defined as
and η µν is the metric tensor for d-dimensional Minkowski space having signature (+1, −1, . . . , −1). In the above, the indices are raised, lowered and contracted using η µν . Both Nambu-Goldstone fields φ and v µ transform inhomogeneously under the broken local translations Z and broken local Lorentz transformations K µ . Thus these broken transformations can be used to transform to the unitary gauge in which both φ and v µ vanish. This will be done in section 3 in order to exhibit the physical degrees of freedom in a more transparent fashion. 
′ν where the metric tensor transforms as
The form of the vielbein (and hence the metric tensor) as well as the locally SO(2, d) covariant derivatives of the Nambu-Goldstone boson fields and the spin connection can be extracted from the locally covariant Maurer-Cartan one-form, Ω −1 DΩ, which can be expanded in terms of the generators as 
The world volume one-form gravitational fields E have the expansion in terms of the charges as (2.14) one finds the various fields are related according tô
Defining the one-form gravitational fields to transform as a gauge field so that 
Using the Feynman formula for the variation of an exponential operator in conjunction with the Baker-Campell-Hausdorff formulae, the individual world volume one-forms appearing in the above decomposition of the covariant Maurer-Cartan oneform are secured as 
For example, the veilbein transforms as e Since the Jacobian of the x µ → x ′µ transformation is simply
invariant action is constructed as 2.28) with the Lagrangian an invariant Besides products of the covariant Maurer-Cartan one-forms, their covariant derivatives can also be used to construct invariant terms of the Lagrangian. The covariant derivative of a general tensor can be defined using the affine and related spin connections. Consider the covariant derivative of the Lorentz tensor
Since the spin connection transforms inhomogeneously according to equation (2.18) , the covariant derivative of T mn transforms homogeneously again
Converting the Lorentz index n to a world index ν using the vielbein, the covariant derivative for mixed tensors is obtained 
The solution to this equation yields the affine connection in terms of the derivative of the metric [10] (the space is torsionless, hence the connection is symmetric Γ
Finally a covariant field strength two-form can be constructed out of the inhomogeneously transforming spin connection ω
Expanding the forms yields the field strength tensor 
The Ricci tensor is given by R µν = R ρ µνρ and hence the scalar curvature is an invariant
The Invariant Action
The covariant derivatives of the Maurer-Cartan one-forms provide additional building blocks out of which the invariant action is to be constructed. For example the covariant derivatives of ω Zν and ω n Kν yield the mixed tensors
So proceeding, the invariant action describing the curved AdS d brane embedded in curved AdS d+1 space has the general low energy form
Many invariant terms are possible. The above includes a reduced set of terms which leads to a consistent effective theory. The model can be further simplified by setting the parameters ξ and ζ to zero. On the other hand, due to the Higgs mechanism, the parameter M cannot be zero and is an independent scale in the theory. Since the massive vector A µ is a Proca field, it can be consistently quantized by further setting Z 2 to zero. Moreover, exploiting the identity ∂ µ (det e T µ ) = det e ∇ µ T µ along with the chain rule for covariant differentiation, integration by parts has been used to eliminate redundant terms. A term of the form det ee 3.4) Substituting this back into the action allows ω m Kµ to be eliminated in favor of terms involving the vielbein and ω Zµ yielding 5) where the form of the contractions of the product of two ∇ µ ω Zν terms are similar to those of the initial action and hence the constants have just been redefined and the effective Z 2 has been set to zero. Exploiting the form of the covariant derivative of the Z one-form in order to define the anti-symmetric field strength tensor F µν , (3.6) the action becomes
According to equation ( 
Note that, in this gauge, equation ( symmetries. In that case, when the symmetry is made local, the Nambu-Goldstone boson kinetic term gets replaced by the square of the covariant derivative containing the vector connection. In unitary gauge, the Nambu-Goldstone field vanishes leaving the residual vector mass term whose scale is set by the Nambu-Goldstone decay constant, a scale already present in the global model.
The action, equation (3.7) , reduces to that of a massive vector field coupled to a gravitational field with cosmological constant 9) with the field strength tensor F µν for the vector field
10)
The action was constructed by considering gravitational fluctuations about a background static AdS space and describes the embedding of a brane in that curved space.
The world volume action of the brane is equivalent to that of a world volume gravitational field Einstein-Hilbert action, with corresponding cosmological constant as dictated by the field equations evaluated on the AdS background, and the action for a massive vector field in that gravitating space. Furthermore, the action can equally well be used to describe a bosonic brane embedded in a space gravitating about a background Minkowski space by taking the limit m 2 → 0. The vector field remains massive with the mass M still being an independent scale. Setting the parameters ξ and ζ to zero, the world volume action for a brane embedded in curved space has the form of a massive Abelian gauge theory coupled to gravity. 
